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SUMMARY

Preliminary investigation of aluminum coating for use on Navy ailrcraft
fasteners was conducted by references (a) and (b), based on these results
additional evaluation of SermeTel W was conducted by this Center. The
evaluated coating is intended for use on titanium fasteners, fasteners in
titanium structures and on alloy steel fasteners in temperatures environments
beyond cadmium coating capabilities. The cadmium coating is not acceptable
for titanium applications since titanium fasteners or titanium structures in
contact with cadmium are susceptible to cracking when highly stressed even at
temperatures well below 450°F. The investigation in this report included
reusability (locking torques), torque-~tension relationship, tension-tension
fatigue, 5 per cent NaCl solution salt spray, coating thickness and coating
continuity. Based on the results of this investigation it is concluded that
SermeTel W aluminum coating with Alodine 407-47 conversion coating and cetyl
alcohol lubricant, is suitable for alloy steel fasteners which are in contact
with titanium structures or are exposed to temperatures above 450 F.
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3 INTRODUCTTIO:

4 Preiiminary investigation of aluminum coating for use on Navy aircraft
' fasteners was conducted by references (a) and (b). Based on results of
references (a) and (b) additional evaluation of Sermetel W was conducted by
this Center under AIRTASK No. A05-530/001-2/5-000000000, Work Unit HQ901.

The evaluated coating consisted of Sermetel W with Alodine 407-47
. conversion coating. The Sermetel W is a phosphate~chromate bonded coating
containing about 60 percent aluminum and Alodine 407-47 conversion coating
is a chromate-phosphate type coating for aluminum, applied by immersion.

[y
o S ot e s o rn

This coating is intended for use on titanium fasteners, fasteners in
titanium structures and on alloy steel fasteners in temperature environments
beyond cadmium coating capabilities. Fasteners manufactured from titanium
material are susceptible to galling. These fasteners require coating to
prevent galling and to provide uniform load distribution. Titanium fasteners 3
or titanium structures in contact with cadimum are also gusceptible to cracking
when highly stressed even at temperatures well below 450 F, reference (c).

The aluminum coating would eliminate cadimum embrittlement on titanium and

also hydrogen embrittlement on high strength alloy steel fasteners. The
investigation in this report was limited to 1/4 inch bclts aand nuts of k
220 KSI Ftu strength level manufactured by Standard Pressed Steel Company i
to part numbers EWB TM9 and FN922 except for coatings.

The following coatings were applied to SPS bolts and nuts:

Bolts - vacuum deposit cadmium per MIL-C-8837, Type I,
Class 2; nuts - electro deposit cadmium per (QQ-P-416,
Type 11, Class 3.

a. Exhibit A

ki

b. Exhibit B

Bolts and nuts - SermeTel W aluminum coating with Alodine
407-47 conversion coating and Silub lubricant.

¢. Exhibit C
407-47 conversion coating and cetyl alcohol lubricant.

d. Exhibit D - Bolts and nuts - without coating (bare), used in fatigue T

{
|
?
Bolts and nuts - SermeTel W aluminum coating with Alodine .
s
!
!
evalvation. 4

!

|

Fasteners coated with Exhibit A coating were used for comparison.
The investigation in this report included reusability (locking torques),

torque-tension relationship, tension-tension fatigue, 5 percent NaCl
solution salt spray, coating thickness and coating continuity.

TEST PRGCEDURES

1. Cleaning ;
P

With exception of three samples of Exhibits B and € which were used

x B ey~ + Wy W, 5.1 )
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in additional evaluation of the torque-tension relationship, all unbaked
samples were thoroughly cleaned by dipping in tetrachloroethylene solvent

prior to testing.

2. Baking

Eighteen samples of Exhibits B and C were baked at 900°F for six
hours. These samples were used to determine plating performance after

exposure to 900°F.

3. Reusability

The reusability was determined by installing and removing the nut
from the bolt with no axial load for 15 full installation and removal cycles.
A bolt and nut was considered fully installed when a length of two thread
pitches extended beyond the nut, and the removal cycle was considered
completed when locking device was disengaged. The standard torque limits for

cadmium coated fasteners are as follows:

a. Size 1/4, unbaked, 30 in-lbs maximum and 3.5 in-1bs minimum.

b. Size 1/4, after bake, 60 in~lbs maximum and 3.5 in-1bs

minimum.
4, Torque-Tension Relationship

The bolts and nuts from Exhibits A through C with 220 KSI cadmium
plated washers under bolt heads and nuts bearing area were installed in
30,000 pound Skidmore-Wilhelm bolt tension tester. The nut was then turned
while the bolt was held statiomary. Torque readings were obtained using a

600 in-lbs Snap-on torque wrench.

5. Fatigue

Test fixtures, procedures and alignment used in determining the bolt
fatigue strength were in accordance with MIL-STD-1312, Test 1ll. The tests were
performed on the 5000 pound Krouse Direct Fatigue Testing Machine. The washers
and nuts used in this evaluation were made to Figures 5 and 21 of MIL-STD-1312,
Test 11. The bolts used were of Exhibits A through D. The high temsion
fatigue load for S-N curve was based on 52, 48, 44 and 40 percent of the bolt

ultimate tension load and the low tension fatigue load was 10 percent of high

tension fatigue load. FEach point on S-¥ curve consisted of three samples.

6. Salt Spray

The test utilized a 5 percent NaCl solution and was conducted in
accordance with MIL-STD-1312, Test 1. Five samples of exhibits A and C
(two samples of Exhibit C were without cetyl alcohol lubricant) were exposed
to three weeks of salt spray. The Exhibit C samples used in these tests
were coated at later time since initial samples used for other tests did not
have continuous coating coverage. The samples of Exhibit B were not exposed
to salt spray since they failed to meet locking torque requirements.
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7. Coating Thickness and Coverage

Coating thickness and ccverage data was obtained from one sectioned
and mounted fastener specimen of each coating type. Measurements were taken
from screen projection at 400X magnification.

DISCUSSION OF TEST RESULTS

1. Reusability

The results of the locking torques are shown in Table I. The baked
and v-Yaked samples of Exhibit C met locking torque requirements. The
baked and unbaked samples of Exhibit B falled to meet locking torque
requirements, see Table II.

2. Torque-Tension Relationship

The torque-tension relationship of the evaluated coatings exhibited
marked differences, see Figures 1 through 8. The results of minimum torque
values needed to obtain a preload of 75 percent of the bolt's ultimate strength
for various coatings were as follows:

a. Exhibit A, 320 in-1lbs or more, data obtained from Figure 1.
b. Exhibit B, 720 in-lbs or more, data extrapolated from Figure 2.

c. Exhibit B (samples were cleaned in tetrachoroethylene), 650 in-lbs
or more, data extrapolated from Figure 3.

d. Exhibit B (samples were baked at 900°F for six hours), 600 in-1bs
or more, data extrapolated from Figure 4.

e. Exhibit C, 300 in-lbs or more, data obtained from Figure 5.

f. Exhibit C (samples were cleaned in tetrachoroethylene), %400 in-1bs
or more, data obtained from Figure 6.

g. Exhibit C (samples were baked at 900°F for six hours), 550 in-1lbs
or more, data extrapolated from Figure 7.

Figure 8 shows similarity in torque-tension relationship between Exhibits A
and C.

3. Fatigue

The results of the fatigue tests indicate that at room temperature
the samples of Exhibits B and C increase fatigue life appreciably over the
samples of Exhibits A and D, see Figures 9 through 12. The comparison of
fatigue life of Exhibit A versus C is shown in Figure 13. After bake at
900°F for six hours the fatigue life for Exhibits B and C deteriorated
appreciably, see Figures 14 and 15.
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4. Salt Spray

After exposure for one week to salt spray test of 5 percent NaCl

the samples of Exhibits A and C with exception of one sample from Exhibit C

which had slight red rust spot in the thread area produced no initial signs

of coating (white products) or fastener (red rust) corrosion. After exposure

to salt spray test for three weeks, five samples of Exhibits A had slight red .
rust in the lightening hole of the head. One sample of Exhibit C had red rust

spot in thread area and four samples had slight red rust spots on the top of

the head. All five samples of Exhibit C had light to heavy white product cor- )
rosion covering up to 60 percent of the fastener area, see Table III for details.

5. Coating Thickness and Coverage
i

§? shown in Table IV. The first coating application on bolts of Exhibits B and
! C resulted in coating thickness that were not uniform or continuous, but

: varied from zero to 0.9 mils, see Figures 16 through 21. The coating applied
to bolts of Exhibit C at later date had continuous coverage but thicknsss

% varied as follows:

Hf‘ The coating thickness measurements of Exhibits B and C bolts are

a. Top of the head 0.5 to 1.3 mils.

Y

b. Shank 0.2 to 0.8 mils.

c. Thread root 0.4 to 0.6 mils.

d. Thread major diameter 0.3 to 0.6 mils.

. The nuts with Exhibit C coating had also continuous coating but the
thickness varied as follows:

: a. Top of the nut approximately 1.5 mils.

b. Sides approximately 2.0 mils.

TR S o ottt g

¢. Thread root 0.3 to 0.7 mils.

d. Thread minor diameter 0.3 to 0.5 mils.
CONCLUSIONS

' 1. Based on the test results, the fasteners coated uniformly with

Exhibit C coating (SermeTel W with addition of Alodine 407-47 conversion

: coating and cetyl alcohol lubricant) will equal or exceed performance of the °
! same fasteners plated with cadmium and supplementary chromate threatment, in

, the following areas: reusability, torque-tension relationship, tension~-

, tension fatigue, three week salt spray and exposure to temperature of 900CF.

4
b 2. The fastener coated with Exhibit B coating did not meet performance
‘ of fastener coated with Exhibit A (cadimum) coating.
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3. The Exhibit C coating appears to be suitable for titanium fastemers,
since titanium fasteners with this coating were not evaluated no recommenda-—
tion can be made at present time.

RECOMMENDATIONS

1. The coating of Exhibit C if applied uniformly is recommended for
alloy steel fasteners which are in contact with titanium structures or are
exposed to temperatures above 450°F.

2. Tge coating of Exhibit C is not recommended for use in temperatures
above 900 °F.

3. Conduct additional evaluation to determine if Exhibit C coating is
suitable for titanium fasteners.

11
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FIGUKE 1. TORQUE-TENSION RELATIONSHIP FOR CADMIUM COATING
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FIGURE 2. TORQUE-TENSION RELATIONSHIP FOR SERMLTEL W
COATING WITH ALODINE 407-47 CONVERSION COATING AND SILUB
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FIGURE 3. TORQUE-TENSION RELATIONSHIP FOR SERMETEL W COATING WITH ALODINE 407-47

CONVERSION COATING AND SILUB (CLEANED WITH TETRACHLOROETHYLENE BEFORE TEST).
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FIGURE 4. TORQUE-TENSION RELATIONSHIP FOR SERMETEL W COATING WITIl ALODINE 407-47
CONVERSION COATING AND SILUB AFTER BAKE AT 900°F FOR 6 HOURS
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FIGURE 5. TORQUE-TENSION RELATIONSHIP FOR SERMETEL W COATING WITH ALODINE 407-47
CONVERSION COATING AND CETYL ALCOHOL
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FIGURE 7. TORQUE-TENSION RELATIONSHIP FOR SERMETEL W COATING WITH ALODINE 407-47

CONVERSION COATING AND CETYL ALCOHOL AFTER BAKE AT 900°F FOR 6 HOURS

23

R TourY e

(P by o L

e g gary e o b Pin




| 9
| w
fal 23
=S :
o 88 :
Q 1 9 i
N 6= 4
[To S| :
2 i
2R W
[<SIN &) {
> £
{ a i
= =
nOu 5 < ¥
~y o }
=4 ;
_ 3E ‘
B ...n.w (%] »% m
; i) = = X
~ 1 == nm
0 Q & Z = {
~ Q o v = ¥
} 2 - — o~ ’
) <3 | B3] £
3 2 3B {
= 5 =S t
= .
=~ '
O T H
5~ ;
S %3
~ = %
S §
(3 = 8
o Y
Za i
& O s
= i
. LE M,
Q Q o Q Q Q N =
S S o) Q S ] N g M
Q Q Q Q S o ;
N O v NS m o N o :
F i
SET ‘NOISNIL :




S17T0€ QIIVOONA YALARVIA HONI »/T ¥03 IAEND N-S °6 TANOII

SATOAD 40 YFIWAN

0COs5E A

oQ0og

(=

™ — =
! o
5 <y /mT/ a pose A 5
"y g
2 aa | [~~_d g

000# - w
m_d/é/ w

OC05 7 :

OO00S

Ty e s




SL109 QIIV0D WAIWAVO YALAWVIA HONI %#/T 404 FA¥AD N-S 0T T¥N9I4
STTIOXD 40 YIDRIN

Re) 50/ SOf

NADC-75121-30

elejolny

26

SANNod avol

000 -

e

T S,

O 0S54

OCOOs -




v e X3 s e
e vt e i«

a4 e e el . ot e e Sttt s e e S

INVOTIENT 9AT1IS ANV ONILVOD NOISHIANOD Ly-[0% ANIQOTIV ‘ONIIVOD _
RANTRATV M TIIINEES HIIA 1709 YUIARVIA HONI #/T W04 FA¥ND N-S °TT TAN9II
SAIOAD JO YIIWAN
0052~
O O00E -
(=4 [/
[ya]
oo [ ¢
m - 00sE- -
& s o
2 =
= S © © g
h 00017 2
o017 8
o //0/0 g
GO
- 00S# -
y
J
0008 -




INVOTHENT TOHODTV TALAD ANV ONILVOD NOISUIAANOD (%~-L0% INIAOTIV ‘ONIIVOD
RONTRINTY 1 TILENAES HLIM 17709 YILIWVIA HONI #/T Y04 JAUND N-S °2T F_NOII

SdTOAD J0 YITIN

0/ 50O/ <0/
COSZ A
(=]
il s
S A et ocreEq B
~ oy &
& - S
m @ llllLﬂP///, 5
B 00O F -
v 4,//6
v ///ﬂ/ v
< 0OS# -
u 0005 A




111111 — T ) o S ¥ Y —_—

;s.s‘:ieisv.,z%z,;? ST = j

SIT08 YELIWVIA HONI %/T 4IIVOD WNIRAVD ANV WANIWATY ¥OA JIHSNOIIVINY FAMND N-S °€T TNO1d !

sy 501 SAIDAD J0 YAIHON 0/

L !
1 T ¥
| m i
_ : _
; ; , s e T
i gurjeoo ymtwpeny | | w
_ p \
i Toyoosfe 1£392{y3ym SuIlR0d | H-/ph DUIPOIV pue IIIouiag !
w PR m
o H
(3]
Ly oL |
~ A = !
tn o
] s =
ADA l./ 4 Av/. i M ¢
-4 /// H P — m
3 - * A SRR W S
AR v/ 4 O
H y / .//
e v e ey L
“ T & T L 777

ﬂ « CCr -

I Y T Y Y R B N e S s N S wev “ - o - P B - - -
SenTraTv e g Nt ek s cad o n s cua P -

it s O o, Bpiis b ade




SYAOH 9 ¥0d I,006 IV IAVI YILIV INVOTULENT 9ATIS ANV ONIIVOD NOISYIANOD Ly-LOY
ANIQOTV ‘ONIIVOD WANIWATV M TALIWYEAS HIIM 1709 YATARVIA HONI /T d0d TA¥AD N-S %1 TANOId

SHTIOAD J0 VAAWAN

O o0/ 5O/ |
_ ] f ‘
“ i
! _
| “
W
NSRS S — Oﬁ}Vi-.lcx lu.
b -+ 3 ..H/ =
g M
% | 10 MW////%V |
A Tllirt - <] - OQO5e-
~ <
! J = P!
5 s
= “ o Q) M
ol
o B R // - OO0 - M
“ oo // o &

_
S S S - @M oos-

|
b ! _
1 ! H
I +
I & ¥
[ S — i 3. i v

- e




SYNOH 9 VOI 4,006 IV IAVE YALIV INVOIIENT TOHOOTV '1ALID ANV ONIIVOD NOISHZANOD L%~L0%
ANIGOTV ‘ONIIVOD RANIWNTY M TIIZWYAS HIIM IT0S ¥AIAWVIA HONI %#/T ¥04 FA¥ND N-S °ST TNOIJ

STTOXD J0 YAAWON
LO! 00/ 0!

' o052 -
“
cooe-
o
: N
§ D Y © 00se- o
9 A/// S
0 5 A
> .
2 Gaf@ m H
/w ooox - 8

N AvnvMJWI

000s -




NADC-T5121-30

Missing Coating
—~ - ’ -
'
|
|
t
E:
- |
|
Steel Shank :
; E
3
!
X
{
S
. u
|
]
¥
FIGURE 16. BOLT'S SHANK COATED WITH SERMETEL W, ALODINE LOT-4T ‘;
CONVERSION COATING AND SILUB ‘
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FIGURE 17. BOLT'S THREAD, MAJOR DIAMETER COATED WITH SERMETEL W, |

ALODINE LOT7-47 CONVERSION COATING AND SILUB }

ORIGINAL MAGNIFICATION LooX t
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